Abstract The breeding distribution of Painted Buntings (Passerina ciris) is comprised of two allopatric populations separated by a 550-km distributional gap in the southeastern United States. Curiously, the boundary between the two recognized P. ciris subspecies does not separate the two allopatric breeding populations but instead runs roughly through the center of the interior population. Genetic relationships among these subspecies, and the allopatric breeding populations of Painted Bunting, have not been assessed. Given the recent decline in overall abundance of this species, such an assessment is warranted. We sampled birds from 15 localities (138 individuals) and identified 35 distinct haplotypes, six belonging to the Atlantic Coast population and 26 to the interior population, with three shared by both populations. AMOVA results showed that a significantly greater portion of the total genetic variance is explained when grouping birds by the interior and Atlantic Coast populations rather than by subspecies. Furthermore, our data indicate that the Atlantic Coast and interior populations represent independently evolving taxa, with no measureable gene flow between them. Although recently diverged (26,000-115,000 years ago), these isolated bunting populations represent incipient species. For development of conservation strategies, we suggest that the Atlantic Coast and interior populations be recognized as separate management units.
Introduction
The Painted Bunting (Passerina ciris) is a small, brightly colored, songbird that breeds in the southeast and south central United States and winters in the Florida Keys, the Caribbean, Mexico and portions of Central America (Fig. 1) . Its breeding distribution is comprised of two disjunct populations, separated by a 550-km gap. The interior breeding population is mainly distributed throughout Kansas, Oklahoma, Texas, Arkansas, and Louisiana while the Atlantic Coast population is limited to coastal portions of North Carolina, South Carolina, Georgia, and northeastern Florida (Sykes and Holzman 2005) . Two subspecies of Painted Bunting are currently recognized based on geographic variation in wing length and plumage color (ciris, pallidior, American Ornithologists' Union 1957). On average, the western subspecies pallidior is paler ventrally (both sexes) and has longer wing length (males) than does ciris (Mearns 1911; Storer 1951) . The boundary between these two subspecies does not separate the two allopatric breeding populations but instead runs roughly through the center of the interior population ( Fig. 1) , from east Texas northward between 96°and 97°west longitude (American Ornithologists' Union 1957).
Across their breeding distribution, abundance estimates indicate that Painted Buntings are in decline. Overall numbers recorded on both Breeding Bird Surveys (BBS) and Christmas Bird Counts have dropped steeply since the early 1970s (Cox 1996) . Recent BBS results indicated a long-term decline at an average rate of 1.6% per year. The species was listed as a highly ranked ''Species at Risk'' by Partners in Flight (PIF; Hunter et al. 1993 ) and later placed on watch list as a ''Species of Continental Importance'' (Rich et al. 2004) . The decline in numbers appears to be most severe within the Atlantic Coast population. BBS data indicate a 3% decline per year in this population while Christmas counts show a significant decrease in 12 of 25 counts (Sauer et al. 1997) . As a consequence, the Atlantic Coast population of Painted Bunting is recognized as one of the most locally occurring, steeply declining, high priority species, within the southeastern United States (Hunter et al. 1993) . Presently, no population genetic study has been carried out on this species. Whether genetic differences exist between the subspecies pallidior and ciris or between the allopatric coastal and interior birds, are unknown. A genetic assessment of these birds is therefore warranted, to measure the degree of differentiation and the level of genetic connectivity that exists between the subspecies and the allopatric breeding populations.
Studies of genetic variation within and among populations can provide insights into a lineage's evolutionary history (Avise 2004) and information important for conserving biodiversity (DeSalle and Amato 2004; Hedrick 2004) . From a conservation perspective, accurate assessments of demographic history are important for making informed management decisions (DeSalle and Amato 2004) . There have been recent major advances in assessing population genetic structure using a number of different molecular techniques (Smith and Wayne 1996; Emerson et al. 2001; Pearse and Crandall 2004; Manel et al. 2005) . These methods allow researchers to use current geographic patterns of genetic variation to infer evolutionary history (phylogeography). This information is valuable for studies of conservation because it allows for informed speculation regarding the processes that led to current distribution of genetic variation (Johnson et al. 2007) . Population genetic studies also allow for assessment of contemporary population genetic structure, population size, and degree of gene flow among breeding populations. This study is the first to use molecular genetic techniques to assess the genetic structure within the Painted Bunting across its breeding range in order to understand the factors that have shaped present day genetic patterns and current distributions.
Herein, we use phylogeographic methods and mitochondrial DNA (mtDNA) sequence data to characterize and quantify the amount of genetic variation within the Painted Bunting. From a conservation perspective, it is important to discern whether the threatened Atlantic Coast bunting population is both geographically and genetically separate from other Painted Buntings, and therefore worthy of recognition as a distinct evolutionary unit. Thus, the specific goal of this study is to test the following alternative phylogeographic hypotheses: (1) no genetic structure exists and gene flow within the Painted Bunting species is regular and ongoing; (2) genetic structure exists between the subspecies ciris and pallidior and the Atlantic Coast population is not genetically distinctive; and, (3) genetic structure exists across the 550-km distributional gap in the breeding distribution indicating that the Atlantic Coast population is genetically distinct.
Materials and methods

Sampling and laboratory methods
We sampled 138 individuals from 15 localities with a focus on maximizing geographical coverage of the breeding range. Our sampling scheme allowed for the evaluation of genetic diversity within and among both subspecies and disjunct breeding populations (Fig. 1 ). Samples were obtained through scientific collecting and augmented with Fig. 1 Map highlighting the breeding and wintering range of the Painted Bunting (Passerina ciris). A solid curved line through eastern Kansas, Oklahoma, and Texas indicates the boundary on the breeding grounds between the recognized ranges of the western subspecies pallidior, and the eastern subspecies ciris. A 550-km gap separates subspecies ciris' two breeding populations. Dots indicate sampling locations. Boxes highlight sampling sites included as part of the Atlantic Coast or interior breeding population. Eight sampling sites (FL, GA1, GA2, GA3, NC1, NC2, SC1, and SC2) are included in the Atlantic Coast population and six sampling sites (LA, AR, OK, TX1, TX2, and TX3) are included in the interior population. Members of the interior breeding population of subspecies ciris are from the sampling sites TX2, AR, and LA. All individuals and specific locations are listed in Appendix Table 5 feather and blood material obtained by PWS during his earlier bunting research in the southeastern US.
We sequenced the protein-coding mitochondrial gene NADH dehydrogenase subunit 2 (ND2). We acknowledge recent concerns over studies that are based on a single locus (Edwards et al. 2005; Bazin et al. 2006) . However, our objective is to potentially determine the geographic and genetic limits of recently evolved groups. The high variability and rapid coalescence time of mtDNA make it the marker of choice for addressing such questions (Zink and Barrowclough 2008) . All 1,041 base pairs were amplified via polymerase chain reaction (PCR) and sequenced using the primers L5215 (5 0 -TATCGGGCCCATACCCCGAATAT-3 0 ) (Hackett 1996) and HTrpC (5 0 -CGGACTTTACGA-CAAACTAAGAG-3 0 ) (Perez-Eman 2005; DaCosta and Klicka 2008). All fragments were amplified in 12.5 ll reactions under the following conditions: denaturation at 94°C, followed by 40 cycles of 94°C for 30 s, 54°C for 45 s, and 72°C for 1 min. This was followed by a 10-min extension at 72 and 4°C soak. Products were purified with Exosap-IT (USB Corporation, Cambridge, MA) purification following the manufacturer's protocols. We performed 20 ll BigDye (Applied Biosystems, Foster City, CA) sequencing reactions using 20-40 ng of purified and concentrated PCR product following standard protocols. Sequencing reactions were purified using a magnetic bead clean-up procedure (Clean-Seq, Agencourt Biosciences, Beverly, MA) and analyzed on an ABI 3100-Avant (Applied Biosystems) automated sequencer. Complementary strands of each gene were unambiguously aligned using the program Sequencher (Gene Codes Corporation, Ann Arbor, MI).
Because we used blood as a mtDNA source for some of our samples, we carefully examined our data for the presence of pseduogenes (or ''numts'', see Bensasson et al. 2001) . Both light and heavy strands were sequenced for all PCR fragments and no gaps, insertions, or deletions were apparent in the aligned sequences. The ND2 protein coding sequences were translated into amino acids using MacClade 4 (Maddison and Maddison 2000) and compared to an existing ND2 sequence of Passerina ciris (GenBank accession number ABU45623) to insure the correct reading frame and to check for the premature presence of stop codons.
Phylogenetic analyses and population structure
We examined the genetic structure within the Painted Bunting using a series of analyses that focus on genetic patterns at different temporal scales, thereby employing both phylogenetic and population genetic approaches. This combination of techniques provides a more thorough exploration of the data, generating statistically rigorous phylogeographic conclusions (Knowles and Maddison 2002) . We used a median joining network to visualize relationships among haplotypes (program Network 4.1.1.2; Bandelt et al. 1999) . The Network software reconstructs all shortest maximum parsimony trees from a given data set. Median networks provide a useful representation of intraspecific data that are characterized by having few base substitutions between sequences. In contrast to standard tree representation, where only the tips of the tree are labeled, nodes in a median network represent either sampled haplotypes or inferred intermediates.
We used the programs Arlequin (Excoffier et al. 2005 ) and DnaSP (Rozas et al. 2003) to analyze patterns of genetic variation within and among sampling sites. Population genetic parameters were calculated for all sampling sites (14) from which we had C9 individuals. Genetic diversity within each site was characterized by calculating the number of unique haplotypes and the number of private haplotypes. We also performed a number of statistical tests used to estimate past demographic processes such as population expansion. Historical events (i.e. population expansion) can leave a genetic ''footprint'' that may be detected in sequence data (Ramos-Onsins and Rozas 2002) . Mismatch distributions (i.e. pairwise differences between haplotypes) were generated to test for historical population expansion events within populations by comparing the observed frequency distribution of pairwise nucleotide differences among individuals with distributions expected from a population expansion (Rogers and Harpending 1992) . Populations at demographic equilibrium or in decline should exhibit a multimodal distribution of pairwise differences, whereas populations that have experienced a sudden demographic expansion should display a star-shaped phylogeny and a unimodal distribution (Rogers and Harpending 1992; Slatkin and Hudson 1991) . However, mismatch analyses employ a number of assumptions (e.g. random mating, an infinite alleles model) that may not be met (Wakeley and Hey 1997; Schneider and Excoffier 1999) in many populations. Because of these limitations, mismatch analyses were coupled with Tajimas's D to test for localized population expansion (Tajima 1989 ) and a test of selective neutrality using Fu's Fs test (Fu 1997 Population variability was estimated as haplotype diversity (h) and nucleotide diversity (p). These measures of haplotype and nucleotide diversity are useful in examining the demographic history of a lineage (Grant and Bowen 1998) . Centers of origin should be more diverse in haplotype and nucleotide diversity than more recently founded populations (Althoff and Pellmyr 2002) . We used analysis of molecular variance (AMOVA) to determine genetic structure at hierarchical geographic levels. We performed two nested AMOVA with sequences grouped by region and then by individual population within each region (i.e. sampling locality) to explore whether significant genetic variation exists at multiple geographic levels. Our first analysis included samples from sampling sites separated by currently recognized subspecies boundaries (i.e. morphological assignment). We based the second analysis on the allopatric separation of populations (i.e. Atlantic Coast populations versus interior populations). Inter-population genetic variation and significance was assessed with pairwise population U ST values. We used the Mantel correlation coefficient (Mantel 1967; Smouse et al. 1986 ) to test the significance of isolation by distance for sampling sites on the Atlantic Coast, and in the interior. The significance of the Mantel test was assessed using 1,000 random permutations.
Coalescent analyses/isolation-with-migration
A lack of reciprocal monophyly between two genetically structured lineages may be due to ongoing gene flow or to incomplete lineage sorting. Simulations have shown that even a single non-recombining genetic locus can provide substantial power to test the hypothesis of no ongoing gene flow between two populations (Nielsen and Wakeley 2001; Hey and Nielsen 2004) . We used the coalescent program Isolation with Migration (IM; Hey and Nielsen 2004) to determine if the observed pattern of genetic variation was a result of historical divergence or limited contemporary migration between interior and Atlantic Coast Painted Buntings. We also used it to estimate effective populations' sizes, migration rates, divergence time and time to most recent common ancestor (TMRCA). IM is a Bayesian Markov chain Monte Carlo (MCMC) method that tests for length of genetic isolation and levels of migration. The assumptions include selective neutrality, a sister taxon relationship among study populations, and random sampling from a panmictic population (Hey and Nielsen 2004) . IM estimates six parameters, including the effective number of females in each daughter population and the ancestral population (h 1 , h 2 , and h a ), immigration rates into each daughter population (m 1 and m 2 ), and time since divergence (t) (Hey and Nielsen 2004) . IM estimate's parameters are scaled to the neutral mutation rate (l).
The program was run for 20,000,000 steps using 20 chains following a 500,000 step burn-in. To verify convergence, multiple IM runs were completed using a different random number seed. The program produced similar parameter estimates from each run. We report the mode and the 95% highest posterior densities (HPD) for each parameter estimate from the run that produced the highest effective sample sizes (ESS); (Hey and Nielsen 2004) for all parameter estimates.
We estimated the mutation rate for mtDNA ND2 by assuming a standard passerine clock for cytochrome-b (cyt-b) of 1.9% divergence per million years (R. Fleischer, unpublished data) and determining the relative rate of ND2. Specifically, we compared mutation rate between cyt-b and ND2 within six Passerina species (J. Klicka, unpublished data). We converted t to real time (t) using t = t/l, and we calculated effective population size (N e ) using h = 4N e l. h is scaled to the substitution rate per generation rather than per year; therefore, we multiplied our l by a generation time of 2.2 for Painted Buntings. This generation time was calculated using the equation et al. (2003) , where a is the age at maturity, and s is the annual adult survival rate. The effective number of female migrants between populations was calculated using M 1 = h 1 * m/2 and M 2 = h 2 * m/2 (Hey and Nielsen 2004) .
Results
Phylogenetic analyses
We sequenced the complete ND2 gene (1,041 base pairs) for 138 individuals, 78 from the Atlantic Coast and 60 from the interior. No insertions or deletions were present. The sequences yielded 40 variable sites of which 18 were phylogenetically informative. We found that ND2 is evolving *1.5 times as fast as cyt-b, suggesting a divergence rate for ND2 of approximately 3.0% per million years. A number of studies have shown that the methodology of phylogenetics often lacks resolving power and may obscure the evolutionary relationships of lineages that are relatively recent (Crandall et al. 1994; Crandall and Templeton 1996; Smouse 1998) . The use of a bifurcating tree, may be misleading, especially when the ancestral haplotypes are extant (Althoff and Pellmyr 2002) , and the use of a haplotype network may more accurately portray the true evolutionary history of a lineage (Smouse 1998; Posada and Crandall 2001) . We therefore displayed the data with a haplotype network instead of a phenogram. The median joining network contained 35 haplotypes, six belonging to the Atlantic Coast population, 26 to the interior population, and three shared by both populations (Fig. 2) . Two of the three shared haplotypes were common and widespread. The most common haplotype was shared by 38 individuals, 36 of which occurred in the Atlantic Coast population. The second most common haplotype was found in 28 individuals, 24 of which were from the interior population. The third shared haplotype occurred in only two individuals, one from Louisiana and the other from Georgia. An additional common haplotype (20 individuals) occurred exclusively in the Atlantic Coast population. Of the remaining haplotypes, 23 were unique to single individuals found in the interior. The remaining eight haplotypes were shared among individuals, three among only interior birds and five among birds of the Atlantic Coast. The most divergent haplotypes were found in the interior population.
The data on the genetic diversity within sampling sites from the Atlantic Coast and the interior are presented in Table 1 . Nucleotide diversity was low in all samples relative to levels seen in other songbird studies (see Spellman et al. 2007; , ranging from a low of 0.001 to a high of 0.003 (Table 1 ). All unique haplotypes (private alleles) were restricted to the interior population, with each sampling locality in the interior having at least one private haplotype (range one-six). Haplotype diversity was high in all populations ranging from 0.667 to 0.978 (Table 1) . Mismatch distributions (not shown) for all sampled sites were unimodal and with the exception of Louisiana (P \ 0.01), and did not differ from that expected of an expanding population. In contrast, the less conservative Tajima's D and Fu's Fs tests suggest different histories for the interior and Atlantic Coast populations. Tajima's D values were significant in four of the six interior sampling localities and in only one from the Atlantic Coast. Significant Fu's Fs values were obtained for the same four interior localities while none were obtained for any sampling locality in the Atlantic Coast. Fu's Fs has been shown to be the most powerful of these three tests for detecting population growth (Ramos-Onsins and Rozas 2002) .
Although most of the variation was found within populations in both analyses (subspecies groupings, Atlantic versus interior groupings; 70 and 71% respectively), hierarchical AMOVA indicated a significant portion of the total genetic variance is due to differences among populations (Table 2 ). Approximately 20% of the variation is explained when the recognized subspecies groups are compared whereas 28% of the variation is explained when the data were partitioned into Atlantic Coast and interior populations. A Mantel test failed to find a correlation between geographic distance and genetic distance among all Atlantic Coast sampling sites ((r = -0.043, P = 0.49) Fig. 3 ). However, genetic and geographic distance was positively correlated when comparing all interior sites (r = 0.686, P = 0.001). Because of its distance from all other interior sites, TX3 could be driving the positive correlation between genetic and geographic distances. To explore this possibility, we performed an additional Mantel test omitting this site and a positive correlation was still obtained (r = 0.855, P = 0.006).
We partitioned the molecular variation in pairwise comparisons of populations into within-population and total-variance components to obtain pairwise U ST values (Appendix Table 4 ). The majority of the U ST values found to be significant were when comparing Atlantic Coast sampling sites to interior sites. The highest U ST values of 0.576, 0.571, and 0.532 were observed in comparisons of GA2 with TX1, OK, and TX2 respectively. There were no significant differences between interior sampling sites (where the subspecies boundary is located) and only two significant U ST values in pairwise comparisons of Atlantic Coast sites. The two significant pairwise comparisons of Atlantic Coast sites involved GA2 with another Atlantic Coast population. The first significant comparison was between GA2 and GA1 with a U ST value of 0.322. A 
Coalescent analysis
IM analyses estimated h Atlantic (scaled effective size of the Atlantic Coast population) to be 5.6, h Interior (scaled effective size of the interior population) to be 200, h Ancestral (scaled effective size of the hypothesized ancestral population) to be 5.8, m 1 to be 0.323, m 2 to be 0, t to be 0.6 and TMRCA to be 2.6. Estimated posterior distributions for these model parameters are shown in Fig. 4 . Our coalescent analyses (IM; Hey and Nielsen 2004) indicate that our parameter estimates had strongly unimodal posterior distributions (Fig. 4) , however, the tail of the posterior distribution of h Interior did not reach zero on the x-axis, which is common when sample sizes are small or the data are not able to identify the model (Hey 2005; Hey and Nielson 2007) , and therefore the 95% HPDs were not calculated. The model parameters, parameter values, demographic parameter estimates and 95% confidence intervals calculated using these estimates are listed in Table 3 . Effective population sizes (Ne) calculated indicate that the interior population seems to have grown substantially following divergence, with a current estimate of 1,500,000, while the Atlantic Coast population has remained relatively small (41,000, range 18,000-106,000) relative to the estimated ancestral population size (43,000, range 4,000-230,000; Table 3 ). Confidence intervals surrounding all these estimates are large (see Table 3 ) because the estimates are based on a single marker. We examined the posterior distributions of migration rates to determine whether ongoing gene flow might explain the observed phylogenetic patterns. The posterior distribution of m 1 (scaled rate of migration rate into the Atlantic Coast population from the interior population) peaked at 0.323 (95% HPD = 0-2.5), and the posterior distribution of m 2 (scaled rate of migration rate into the interior population from the Atlantic Coast population) peaked at 0 (95% HPD = 0-5), indicating that there is no detectable gene flow between these allopatric populations. The posterior distributions of t (scaled divergence time) peaked at 0.6 (95% HPD = 0.4-1.8). Estimates of t were converted to actual values of time using the equation t = t/l (Hey and Nielsen 2004) , where l is the locus specific neutral mutation rate and t is the estimate provided by IM. When converted to time in years, this analysis suggests that Atlantic Coast and interior Painted Buntings began diverging about 38,000 years before present (BP); 95% HPD = 26,000 to 115,000BP. Posterior probabilities of TMRCA peaked at 2.6 (95% HPD = 1-5), indicating that all sampled haplotypes coalesce at approximately 166,000BP (range = 64,000-320,000BP).
Discussion
Overall phylogeography and population structure patterns Nearly all Atlantic Coast sampling sites differ significantly from interior sampling sites (see U ST values, Appendix Table 4 ). In contrast; we found no significant differences between interior buntings presumed to belong to different subspecies (western pallidior and interior forms of ciris), an indication that the morphological differences, as presently defined, are not concordant with the genetic differences. Our analyses indicate that significant genetic structuring is apparent between the allopatric Atlantic Coast and interior breeding populations of the Painted Bunting (Fig. 2) and these lineages appear to have diverged recently (*38,000 years ago, Table 3 ). Taken together, these findings suggest that Painted Buntings are genetically partitioned into interior and coastal populations (Fig. 2) . Studying genetic differentiation between separated populations is important for understanding population divergence and speciation processes, and for defining conservation priorities. Once populations diverge, it is important to understand how much connectivity is maintained through gene flow and determining the intensity and directions of gene flow is critical for species management (Omland et al. 2006) . A shallow genealogy that lacks distinct clades, such as seen in our data, may indicate either that the suggested divergence has occurred too recently for mtDNA to have sorted to monophyly (Baker et al. 2003; Klicka et al. 1999) or that the populations remain connected by gene flow. IM results revealed little to no gene flow into the Atlantic Coast population from the interior or vice versa, an indication that our lack of reciprocal monophyly is due to incomplete lineage sorting, a consequence of a relatively recent divergence. Coalescent analyses placed TMRCA for all haplotypes during the Pleistocene, approximately 320,000-64,000 years ago, an estimate consistent with one suggested in a previous molecular study that included all members of the Passerina clade (Klicka et al. 2001) .
Phylogeographic analyses that included all samples revealed a structured haplotype network (Fig. 2) , unimodal mismatch distribution, high haplotype diversity, and low nucleotide diversity (Table 1) ; all indicative of a recent population expansion from an ancestral population with a small N e (Avise 2000) . The estimate of the hypothesized ancestral population (43,000) represents a relatively small ancestral population size when compared to the current estimate of 1,500,000 for the interior population. This scenario of a small ancestral population size, high haplotype and low nucleotide diversity also suggests that the divergence between Atlantic and interior populations of buntings occurred long enough ago to allow for the recovery of haplotype variation by mutation but not so long ago as to allow for an accumulation of large sequence differences (Avise 2000; Rogers and Harpending 1992) .
The results presented here demonstrate that genetic differentiation between the Atlantic Coast and interior populations of the Painted Bunting exists despite the relatively shallow evolutionary history of the taxon ( Table 2) . The structure recovered is not consistent with the current subspecific geographic limits based on morphological variation (Mearns 1911; Storer 1951) . The Atlantic Coast and interior populations that we have defined (see Fig. 1 ) do correspond with Painted Buntings known to differ with respect to the timing and pattern of molt and migration. All Painted Buntings are short to medium distance NearcticNeotropical migrants; however, most individuals in the interior population migrate to staging areas in southern Arizona and northwestern Mexico to molt before continuing on to their wintering ranges. In contrast, the Atlantic Coast population molt on the breeding grounds prior to fall Fig. 4 Posterior distributions of parameter estimates from the IM program scaled to the mutation rate l. h Atlantic , h Interior , and h A are effective sizes of the Atlantic, interior, and ancestral populations, m 1 and m 2 are migration rates; t is the time since population divergence, and TMRCA is the time to most recent common ancestor of the haplotypes. (All curves are shown on the scale of the prior probability distributions used in the analyses and regions under each curve represent the 95% HPD for each curve) migration (Thompson 1991b) . Additionally, members of the interior population initiate fall migration at least 2 months later than the Atlantic Coast population (Thompson 1991a ).
Evolutionary history
The IM results suggest that the effective population size of the interior birds (1,500,000) is 30 times greater than that of the Atlantic Coast population (41,000). The low effective population size of the Atlantic Coast birds is in part a reflection of a smaller overall distribution but it may also reflect historical population demographic factors. Populations can experience population bottlenecks in response to challenges in the biotic or physical environment (Avise 2000) . It seems probable that a loss of habitat on both breeding and wintering areas, and at critical migratory stopover sites, has played a role in population declines. The Atlantic Coast population, because of its limited and narrow coastal distribution, is likely to have been more severely impacted than the interior population. Urban development and anthropogenic disturbance along the coast and coastal islands and woodland edges has greatly reduced its prime habitat (Sykes and Holzman 2005) . The patterns of haplotype and nucleotide diversity support the hypothesis that the interior population was a center of origin for this species with subsequent dispersal to the Atlantic Coast. Such an interpretation is in agreement with the results of a molecular study of the entire genus (Klicka et al. 2001) in which Mexico was identified as the ancestral area for the Passerina sub-clade that includes the Painted Bunting. How this dispersal event occurred is still unknown. It could be that the ancestral population expanded eastward, reaching the coast, with a subsequent range reduction that left the observed gap in their distribution. Alternatively, it is also possible that the Atlantic Coast population was founded via a true founder event, when a group of migrating buntings was blown off course, establishing either a new breeding (or wintering) area.
Highly mobile species are capable of adjusting their migratory pathways (Alderstam and Hedenstrom 1998) and novel migratory routes can arise very rapidly (Able and Belthoff 1998; Berthold 1996) . Knowing the extent to which breeding populations are differentiated and how their use of migratory pathways and wintering sites vary, are important for the conservation of migratory birds (Gauthreaux 1996; Haig and Avise 1995) . It will also be important to determine levels of connectivity that may occur on the wintering grounds because factors that affect population structure (i.e. gene flow) can conceivably occur at any time during the annual cycle of a migratory bird (Smith et al. 2004 ). We do not yet know whether Atlantic Coast and interior birds are also isolated during migration and on the wintering grounds. Painted Buntings winter in south Florida (Robertson and Woolfenden 1992) , the Bahamas and Cuba (Raffaele et al. 1998 ), on both coasts of Mexico, and throughout most of Central America (Howell and Webb 1995, Land 1970 ; Fig. 1 ). We are currently assessing the genetic connectedness of birds on the wintering grounds. Individuals migrating from the Atlantic Coast may winter only in south Florida, the Bahamas, and Cuba or, they could continue on to wintering destinations in the Yucatan or beyond (as suggested by Sykes et al. 2007) . If the former, Atlantic Coast and interior population segregated on both breeding and wintering grounds, would facilitate a faster divergence of these birds on their own evolutionary trajectories. 
Conservation implications
One factor contributing to the overall decline of the Painted Bunting is loss of habitat. On the breeding grounds, through urban development, roads, and agricultural intensification, significant habitat losses have occurred (Lowther et al. 1999; Sykes and Holzman 2005) . The effects of this loss are most acute along the Atlantic Coast where this buntings' distribution is limited. Loss of riparian habitats in the southwestern United States and northwest Mexico, used during migration by the interior population, may also be influencing population levels in this species (Lowther et al. 1999; Sykes and Holzman 2005) . Wintering habitats in Central America also continue to be degraded. The importance of wintering areas for Nearctic-Neotropical migrants has been widely discussed in the past (Webster et al. 2002) . It is likely that the cage bird trade (wintering grounds) also plays an important role in the decline of the Painted Bunting. The colorful adult male has been in the commercial trade for a very long time, with thousands of live birds being shipped to Europe for sale in the early nineteenth century (Inigo-Elias et al. 2002) . This trade was banned in the United States in the early twentieth century, but continues to be legal in other countries (Inigo-Elias et al. 2002) . Caged birds are routinely sold in domestic markets in Cuba (Sykes et al. 2007 ). An estimated 700 buntings were trapped for the cage bird trade at a single location in Cuba during several days in May 2003 (Sykes et al. 2007 ). Some estimates suggest that at least 100,000 Painted Buntings were trapped in Mexico between 1984 and 2000. International trade in wildcaught birds was banned in Mexico from 1982 to 1999, but resumed quickly after the ban was lifted. It is estimated that about 6,000 birds per year were exported from Mexico to Europe in (Inigo-Elias et al. 2002 . Whether these Mexican exports represent only the more abundant interior form, or also include representatives of the rapidly declining Atlantic Coast form, remains unknown. All of these factors (occurring on breeding and/or wintering grounds) contribute to the decline of Painted Bunting.
Despite uncertainty about the mechanism or timing of divergence of the Painted Bunting, it is apparent that all birds from the interior are more genetically related to each other than to any Atlantic Coast bird. All data support the current recognition of two allopatric and genetically isolated breeding populations in the southern United States. Importantly, our data did not detect any genetic structuring across the putative boundary between the two subspecies of P. ciris in Texas and Oklahoma. It may be that genetic differences do separate these two forms within the interior population but the level of resolution provided by mtDNA sequence data is not sufficient to detect them. Further study using different molecular markers is warranted.
The results of this study, taken with the relatively small population size and decreasing population trends, suggest that the Atlantic Coast Painted Bunting should be recognized as an independently evolving taxonomic unit. Relevant criteria for defining evolutionarily significant units (ESUs) for biological conservation have been much discussed (Moritz 1994) . Some authors have argued that ESU designation should be based on significant genetic differentiation at neutral genetic markers (Moritz 1994 ) while others have suggested using ecological information, as well as genetic differentiation, to delineate ESU's for conservation efforts (Crandall et al. 2000) . Ultimately, a comparison and inclusion of multiple sources of data such as molecular markers (mtDNA and nuclear DNA), morphology, behavior, cytology and ecology should permit the most effective way to understand the evolutionary history of a group (Funk and Omland 2003; Rubinoff and Splerling 2004; Bowen et al. 2005 ). Given our findings of genetic differentiation along with the previously identified information on differential timing and pattern of molt and migration (Thompson 1991a, b) , the interior and Atlantic Coast populations of Painted Buntings should be recognized as distinct ESUs by any definition. Any subsequent conservation efforts or recovery goals should treat these allopatric populations as separate management units. We hope that this study will contribute to the development of conservation strategies that can reverse Painted Bunting population declines.
Appendix
See Tables 4 and 5 . 
